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INTRODUCTION
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' The relative importance of beta, compared to gamma radiation {n fallout mate-

- rial in terms of casuaity production has been subject to debate. Before the acci-

_Upton, L. L} New York dental exposure of the Marshallese (1) and the Japanese fishermen in March of
1054 (2}, the tendency was to Ignore fallout in general, and beta radiation from

fallout in particular, as formidable injurious agents. The events in March of

1954 served to demonstrate conciusively, (1) that high-level radlioactive fallout

can result in extremely widespread seriolis injury and even death in an affected
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k population, and (2) that extensive beta lesions of the skin can resuit, in the
{ absence of a lethal exposure to penetrating gamma radiation, in an unprepared
4 population exposed to large amounts of radioactive tallout. In this presentation
ff the nature and extent of skin damage that might result from exposure to large
K amounts of radioactive fallout will be reviewed. In doing this heavy rellance
; will be placed on the Marshallese data (although other exampiles are available),
£ since these data represent a well-documented example of fallout beta lesions
% in a sizable population of human beings, and since the author observed and
B heiped care for the individuals involved and thus can speak from first-hand
éx experience. Following this review of the nature of skin damage that can resuit
5 from radioactive fallout, the possible degree to which the Marshallese situation

might pertain under circumstances in the United States rather than in the
mid-Pacific, and under circumstances in which the exposed population is better
Informed and better prepared, will be considered. Finally, an attetnpt will be
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)

ENL RE,
:\" REPOSITORY CoROS made to place the potential beta lesion problem in perspective with regard to
1 its seriousness compared to the hazard from the penetrating gamma radiation,
R coLLecTion MARSHALI  1SCANDS which of course is invariably present.
MED 5 THE MARSHALILYSE INCIDENT
BOX Ne WC4L DEPT: P(/KZJ‘- ATIoNS Now with respect to the beta lesions in the Marshallese (the affected areas

are termed “beta lesions” since a very large percentage of the dose recelved by

FOLDER 22 ~ 29 2 the skin surface resuited from beta radiation). These individuals were show-

ered with radioactive fallout following the detonation in March 1954 of a high

yleld thermonuclear device during weapons testing at the Pacific Proving

. Grounds. The wind shifted unpredictably following the detonation, leading to

unexpected fallout in significant amounts being deposited on the atolls of Ronge-

2 lap, Rongerik and Uterik. The 64 Marshallese individuals on Rongelap at the

time, 105 nautical miles from the detonation, received the largest exposure and

{ I shall confine my remarks to this group. The failout was visible on Rongelap,

{ described as snowlike, and began falling approximately 5 hours after the deto

y nation. The material was deposited on the ground and on the thatched-roof

houses, as well as on the ciothes. bhair, and skin of the people. The individuais

remained on the island for approximately 2 days, at which time they were trans-
ferred to the U.S. Naval Station at Kwajalein for medical observation.

No disimeters were present on the island, and the doses of gamma radiation
received were estimated from average readings of survey instruments held 3 feet
above the ground, of the order of a week following the detonation. From these
readings it was estimated that the Rongalapese received approximately 175 r.
of penetrating gamma radiation, dose measured essentially free in alr. In addi-
tion to gamma exposure, these individuals recelved large doses of beta radiation
in areas of the body in which the aliout material was adherent to the skin. It
is not possible to calculate with any reasonable degree of accuracy the dose to
the skin from beta radiation. Estimates involving the known minimal doee of
radiation to cause hair loss or epilation indicate that the surface of the skin
probably received of the order of 5,000 or more rads.

With regard to symptomatology, with the exception cf nausea in some two-
thirds of the individuals during the first 2 days, and vomiting and diarrhea in a
smaller percentage, no symptoms developed that could be ascribed to penetrating
gamma radiations. However, the penetrating radiation did resuit in marked
peripheral blood count changes. No deaths occurred as the resuit of {rradiation
and all signs and symptoms except the Initial gastrointestinal aymptoms re-
ferred to were related to beta lesions of the skin.

Within the first 2 days of exposure a number experienced transitory itching
and burning of the skin, and some complalned of lacrymation. No further signs
or symptoms referable to the skin were noted until about 2 weeks after exposure,
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when skin lesions and epilation, or 1oss of hair, was noted. Approximately 90

) percent of the {ndividuals showed some damage of this nature to the skin, and

a smaller number showed spotty epilation. The skin lesions first appeared as
small, raised pigmented areas, which later coalesced to form more extemnsive
lesions. The nature of these lesions is indicated in figures 1 to 6 (pp. 384 to 889).
Most of the lesions were superficial and exhibited dry desquamation or loas of
skin surface much like & fairly severe sunburn. Essentially all lesions were lo-
cated in skin areas not covered by clothing, and they were most prevalent in the
folded areas of skin where perspiration would tend to collect. Even thin cloth-
ing apparently served tp prevent visible damage. The superficial lesions re
quired no therapy beyond bland, scothing preparations, and apparently complete
healing occurred within a few weeka. Bome of the lesions were deeper, however,
and showed wet desquamation or loas of skin. Such lesions became infected,
and required treatment with antibiotics. The affected areas, with the exception
of one, also healed in a matter of weeks, with some residual scarring, atrophy
and depigmentation. On followup examinations in the 5 years since the acci-
dent (3-7), none of the lesions has shown a tendency to break down, nor has
premalignant or malignant change occurred.

In the course of initial observation it was not necessary to hospitalize any of
the patients. Some {tching, but no pain was associated with the superficiai
lesions ; however by no standard could these people be considered {ncapacitated.
Mild pain was associated with the deeper lesions and some difficulty with walk-
ing resulted with the deeper lesions located on the feet. Here aiso, however, it
would have been difficult to classify these individuals as incapacitated. If
necessary, they could have performed essentially any task associated with daily

llving and survival,
APPLICATION OF THE MARSHALLESE BESULTS TO FALLOUT SITUATIONS IN GENERAL

80 much for the Marshallese accident indicating that extensive beta skin
lesions can occur in the face of sublethal gamma exposure; now let us consider
to what degree the Marshallese incident may be considered typical of what might
occur in case of wideepread fallout in populated areas of the United States from
deliberate attack, or from accidental nuclear weapon detonation. And I wish
now to make it perfectly clear that I speak of a disaster situation, not routine
peacetime operations and certainly not the long-range fallout that has resulted
in essentially worldwide, very low-level contamination. There are several fac-
tors that would make one consider the Marshallese incldent the worst that could
reasonably pertain with respect to the hazard of beta radiation relative to that
of gamma radlation (of course, populations might be exposed to considerably
larger doses of both beta and gamma radlation than were thz Marshallese).
These people were not alerted to the possible hazards of fallout and had no
comprehension of what was happening: thus they took no evasive action and
made no effort to decontaminate themselves. American servicemen on a nearby
contaminated island, who were more alert to the danger and added clothing and
decontaminated themselves showed considerably less effect than did Marshallese
comparably exposed. The Rongalapese were not evacuated from the contami-
nated island. and thus were not decontaminated for 2 days, at which time a
large percentage of the dose from the rapidiy decaying flssion products had
been received. It is clear that the great buik of the beta uose was derived from
material deposited on the skin, and the habits of the Marshallese tended to
maximize the deposition of the material on the skin. They wore rather scanty
clothing and no shoes, and spent a good deal of time out of doors. The use of
thick hair oil aided in collecting the material on the head. The high bumidity
and sweating contributed by encouraging the material to collect on the skin.
Thus one might conclude that the beta lesfons would constitute an extensive
problem oniy under the rather favorable conditions for it that were present in
the Marshallese, and that the problem would essentially not exist should an
American city be subjected to fallout radiation. And further, one could con-
clude that since beta skin lesions might be classified more as a minor effect and
a nuisance rather than an incapacitating or deadly one, that one might essen-
tially i{gnore the problem in the face of the known serious consequences of the
penetrating gzamma radiation and other potentially lethal modalities. This
evaluation could pertain; however, it is necessary to inject a word of caution.
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It is quite true that Americans spend a good deal of time inside; however,
under some circnmetancea (warmer reglons, summertime) sizable numbers could
be outside, with portions of the skin exposed. Also, especially in the peripheral
zone from the point of detonation where windows may be shattered without
other serious structural damage, It may not be necessary to be outside to have
material deposited on one. Fallout on a previously devastated area would pre-
sent a like picture. The fallout was visible in the Marshalls; {t might not be in
continental surroundings. Bven a thin layer of clothing protected the
Marshallese from visible damage from fallout from the particular device em-
ployed. 1 do not know to what degree the beta energy spectrum from this device
would represent closely that from more recent devices. One cannot ignore the
possibility of fallout coming down in rein, In which event clothing, if not re-
moved, might provide the ideal situation for severe beta lesions. It is entirely
possible under the chaotic conditions that would exist following attack that no
facilities for adequate decontamination may be available. An educated, pre-
pared population under almost any circumstances can do much to lessen the de-
gree of damage or avoid damage completely; however, in the author's opinfon,
the vast majority of Americans are neither prepared for, nor educated to the
danger of fallout in general, let alone the possible hazard from beta radlation.

The main point to be made from the above remarks is that while beta lesions,
considered in the overall possible casualty situations, undoubtedly is a lesser
consideration, it is still possible that appreciable segments of the involved popu-
lation might develop beta lesions if exposed to fallout and no preventive measures
were taken. If this be the sitnatlon, the results potentially could be more
serfous than in the Marshallese, and much more than a mere nuisance, for the
following reasons: in the Marshallese, while the white count of the blood was
markedly depressed, this and other {mmune mechanisms apparently were never
impaired to the point at which the individual was not able to ward off possible
invading organisms. Further, the point of maximum effect on the white count
occurred relatively late, in the fifth and sixth week, after the beta lesions were
well on the way to healing. With a larger dose of gamma radlation, and had
the Marshallese been only a few miles further north than they were at the time
of fallout they would have recelved a considerably larger dnse, the situation
might have been different. The white count wounld bave fallen faster, and it
and other immune mechanisms would have been seriously affected. Then more
of the lesions might have become infected, and in addition the open lesions
would provide a portal of entry for invading organisms. leading potentially
to generalized infection. Infection is the problem of perhaps greatest magnitude
with massive total body gamma exposure, and with open skin lesions many
might succumb that otherwise might survive. This especially under conditions
that undoubtedly would pertain, in which no, or inadequate, medical care would
be available. Thus, at present, I do not think we should ignore completely the
beta lesion problem.

In summary, there can be no doubt that in a fallout fleld, within hours and
perhaps days of detonation, penetrating gamma radiation is the controlling
hazard. Gamma radiation Is the agent that kills primarily. Howerver, there
als0 i8 no doubt that extensive beta lesions have occurred, and might occur under
some conditions in a fallout fleld. In an unprepared population unaware of the
potential danger, beta skin lesions could represent a potentially serious hazard
to appreciable numbers of individuals exposed. In a well-prepared population
educated to the potential hazard, the beta skin leslon problem wonld be minimal

indeed.
SUMMARY

The Marshallese accident in March 1054 demonstrated clearly that extensive
beta lesions of the skin, in the absence of a lethal dose of gamma radiation,
can occur under some conditions in an unprepared population exposed to a
high-level fallout radiations. The fallout began on Rongelap Atoll in the
Marshail Islands approximately 5 bours after the detonation of a high yleld
thermonuclear device, and the 64 individuals on this atoll were evacuated
approximately 2 days later. An estimated 175 r. of penetrating gamma radiation
was delivered to the entire body, in addition to large doses of beta radiation
to exposed areas of skin to which the fallout material clung. Beginning approxi-
mately 2 weeks after exposure, lesions of the skin appeared on some 90 percent
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of the individuals. The affected areas included the head, and other
where the material had deposited. Moast of the leaions wemd'mpernml ‘;gu h:i‘:s
rr::‘l:z.l a:::rllen"em dee%“ and painful, and hen‘l‘:d x::re siowly with some
. There been no evidence
or;ulgnlu;t i o e, to date of secondary breakdown
veral factors that made tbe Marshallese incident possibly the
worst that could happen wlthrespeettnmmﬂnlmpommotth:’beu
hazard under conditiona of fallout (of course populations could be exposed to
much larger total doses of both beta and gamma radiations than were the Mar-
shallese). The people were not educated nor prepared for the danger, and pro-
louged exposure without evasive action or decontamination occurred. The
climatic conditions, conducive to relatively scanty clothing and outdoor existence
also increased the degree of exposure. Under conditions of living in a tem.
perate climate, many of these adverse factors would not normally be operative,
and thus the beta problem would be expected to be minimal, However, it must
be pointed out that exposure to contact beta radiation of s sizable number of in-
dividuals might occur in an uninformed popuistion under some conditions (ares
of milder climate or {n aummer, individuals in buildings with shattered windows,
fallout on a previocualy devastated area, clothed individuals caught in radio-
active rain), or under chaotic conditions in which decontamination might not be
poesible. In these affected individuala, in the absence of decontamination, the
resultant skin lesions in some could be much more serious than those seen in
the Pacific islands. If the concomitant gamma exposure were higher than that
received by the Marshalliese, which it couid easily be, the resultant depression
of the white blood cell count, and of other immune mechanisms necessary to
combat infection would be correspondingly more severe. Under these circum-
stances the open skin lesions could serve as a portal of entry for organisms,
leading potentially to fatalities in individuals that might otherwise survive.
Thus while the penetrating gamma hasard would by all odds be the most lethal
agent in a fallout fleld, the beta skin hasard cannot be ignored and must be
guarded against. Only lo a population that is informed of the potentia] danger
and is prepared will beta hasard be reduced to a minimum.
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Fiounz 1.—Extensive lesions, 48 days after exposure, on a young boy who wore
ut;tleclothln;utheumeo(w Note particularly the lesions on the
neck, in thé armpits and at the beitline—areas where the fallout matertial

temded especially to collect
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sunburn.

Flaurr 2.—Extensive neck lesions om a woman approximately 30 days after
exposure. Note the superficial nature of the lesions, resembling severe

.-



EFFECTS OF NUCLEAR WAR

Tl o opdas A

RONMNG NO.36

Fiauze 3.—Deeper, more severe lesions that healed more slowly.
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_Healhig 18 com-

and depigmentation.

Fiousx 4

plete, witb residual scarring, atrophy,

Frovre 4.—The same lesion shown in figure 3, 6 months later.
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Froune 5.——Head lesions, and spotty epilation in a young girl 28 days after
exposure.
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Fiovge ¢.—Cowplete regrowth of normal hair {n the same girl shown in figure
5, 86 months after exposure.

Representative HoLirtern, At this point I would like to submit for
the record, a statement by Dr. Conard, und his nssociates on the Medi-
cal Survey of the Rongelap People, March 1958, 4 years after exposure
to fallout; and the report of the Medical Status of the Rongelap Peo-
{)lo 5 Years After Exposure to Fallout Radiation, by Dr. Conard,

read of the Marshall Island surveys.
(The material referred to follows:)
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